C ancer-related cognitive impairment (CRCI) can have a negative effect on quality of life (QOL) in survivors, impeding return to their personal and professional pursuits. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Most studies on CRCI, which is mainly attributed to chemotherapy ("chemobrain"), have been performed in breast cancer, but it is an understudied problem in head and neck cancer (HNC). The epidemiology of HNC in the United States is changing, with a rapidly increasing incidence of oropharynx cancer (OPC) driven by human papillomavirus (HPV). [12] [13] [14] Population-based data show an annual trend toward increasing incidence of pharynx cancer with decreasing mortality. 13, [15] [16] [17] [18] [19] The number of oral and pharynx cancer survivors is predicted to increase by nearly 20%, from 229 880 in 2016 to 293 290 in 2026. 20 Owing to the increasing HNC survivorship, particularly for OPC, a greater number of patients are at risk of experiencing CRCI.
Most of the cognition studies in HNC have been performed in patients with cancer of the nasopharynx or skull base [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] ; only a few 32-37 include a small number of patients with cancer of other head and neck subsites. The risk of patients developing cognitive changes from cranial irradiation is high in those with nasopharynx or skull base cancer. 30, 31, 38 Moreover, most of the studies are retrospective 22-25,27,28,31,33,39 and cross-sectional, 21,34-36 with no baseline information. Baseline information is important to correctly quantify the magnitude of posttreatment impairment. Thus, the available literature does not inform about the extent of CRCI in patients with OPC prior to treatment. Therefore, we designed a prospective study with a uniform cohort comprised of patients with newly diagnosed OPC, the subsite head and neck oncologists are most commonly treating in their current practice.
In addition to the heterogeneity in the subsites and treatment protocols, the cognitive assessment of CRCI in clinical HNC practice is made more challenging by the lack of welldefined criteria for a clinically meaningful impairment at baseline. There is also heterogeneity in the cognitive function instruments and the measured cognitive domains. A variety of instruments are used to assess self-reported and objective CRCI. The self-reported measures involve questionnaires to assess patients' perceptions of difficulties with general cognitive abilities in their daily life. The objective measures are performancebased and mainly assess the cognitive domains of attention, processing speed, executive function, memory, and language. The interpretation of objective measures can vary, and the score for each domain is separately considered by some researchers, while total score across all domains is considered by others. 40 Another approach is to group tests that assess more than 1 specific domain but share certain characteristics across the lifespan. This approach has its basis in the 2-component model of intellectual development consisting of fluid and crys- These measures are considered to have greater precision than traditional neuropsychological measures. 43-46 PROMIS and NIHTB-CB were validated with the item response theory method that results in fewer items, reduces the assessment burden, and generates immediate results. NIHTB-CB assesses objective cognitive function in accordance with the most influential 2-component model of intellectual development and generates 3 summary scores of fluid, crystallized, and total cognition. Thus, the specific goal of this study was to assess the baseline self-reported and objective cognitive function of patients with OPC using PROMIS and NIHTB-CB, respectively. Additional objectives were to assess the correlation between self-reported and objective cognitive function, and to identify factors that may be associated with an impaired cognitive function at baseline.
Methods
An institutional review board-approved observational, prospective cohort study of patients newly diagnosed as having OPC was conducted. Participants provided written informed consent. They were not compensated. Potential participants were identified from the head and neck multidisciplinary tumor board at the time of their first presentation. The inclusion criteria were adults with (1) newly diagnosed OPC, (2) unknown primary at presentation if the primary site was confirmed as the oropharynx during operative biopsy or the results of p16 immunohistochemical (IHC) analysis were positive, and 50 Study participants rated their responses using a 5-point scale. The raw score was translated into a standardized T score with a mean (SD) of 50 (10). A higher PROMIS T score represents more of the concept being measured. 45 For negative constructs, such as anxiety, T scores above the mean are worse, while for positive constructs, such as cognitive abilities, T scores below the mean are worse.
NIHTB-CB
The NIHTB-CB, 51 version 1.0, was administered for objective assessment of cognitive function. The NIHTB-CB uses 7 tests to assess the core cognitive domains (eFigure in the Supplement) of processing speed, episodic memory, working memory, executive function, and attention as well as language (vocabulary and reading). The first 5 domains generate a fluid cognition score. The sixth domain of language generates a crystallized cognition score. The fluid and crystallized together give a total cognition score (eFigure in the Supplement). NIHTB-CB reports these scores as fully demographically adjusted scores, with a mean (SD) of 50 (10), that compare a participant's score with a normative sample while adjusting for age, sex, race/ethnicity, and education. 46 One of us (P.S.) received training to conduct the NIHTB-CB and administered the test to all patients in the study cohort.
Statistical Analysis
The sample size of our study was feasibility driven. Selfreported and objective cognition with PROMIS self-cognition and NIHTB-CB scores, respectively, were main outcomes. Secondary outcomes were PROMIS fatigue, pain, anxiety, and depression scores. Descriptive statistics were used to describe the study variables, and the PROMIS and NIHTB-CB scores. For PROMIS self-cognition, we considered T scores 0.5 SD below the mean as denoting impaired self-reported cognition based on previous references. 52, 53 For NIHTB-CB, clinical impairment was explored using 2 methods. The first method included a modified psychometric criterion for cognitive impairment based on the Diagnostic and Statistical Manual of Mental Disorders (5th edition). 54, 55 Under this criterion (referred to as total cognition), impairment was considered to be present if the demographically adjusted T score for at least 1 cognitive domain was 1.5 SD below the mean or 2 or more domains had T scores 1.0 SD below the mean. 54, 55 The second method explored clinical impairment based on the approach of Holdnack and colleagues 54, 55 in which the crystallized score serves as an estimate of premorbid intelligence. Under this method (referred to as intelligence-stratified cognition), for individuals with crystallized T scores of 58 or higher, the cutoff for clinical impairment for fluid tests was a T score of less than 44; for crystallized T scores of 50 to 57, the cutoff was a T score of less than 41; for crystallized T scores of 43 and 49, the cutoff was a T score of less than 38; and for crystallized T scores of less than 43, the cutoff was a T score of less than 35. 54, 55 Independent t test was performed for comparison of continuous variables between groups. Correlations were performed for PROMIS self-cognition and NIHTB-CB domains. Effect size metrics were defined with 95% CIs. All statistical tests were 2-sided. Statistical analysis was performed using SPSS software (IBM SPSS Statistics, release 25.0.0) and SAS software (version 9.4; SAS Institute Inc).
Results

Patient Characteristics
A total of 83 patients newly diagnosed as having OPC presented to our institution from September 2016 to May 2017, of whom 16 were ineligible, 8 refused to participate, and 3 were lost to follow-up after screening. Thus, the final study included 56 participants. The causes for ineligibility were palliative therapy (6 patients), transfer of care (3), dementia (2), true unknown primary (2), treatment refusal (1), stroke with deficits (1), and previous head and neck radiation (1). The detailed demographic, patient, and tumor characteristics are presented in Table 1 .
Baseline PROMIS and NIHTB-CB Scores PROMIS Scores Excellent reliability of PROMIS was noted for self-reported cognition (Cronbach α = 0.97) as well as other domains of anxiety (α = 0.92), depression (α = 0.94), fatigue (α = 0.972), and pain interference (α = 0.98). Impaired self-reported PROMIS cognition scores were observed in 6 patients (11%). Impaired scores for secondary outcomes were noted in 20 (36%) for the PROMIS domains of anxiety, 17 (30%) for pain interference, 13 (23%) for depression, and 11 (20%) for fatigue. The distribution of PROMIS T scores for different predefined intervals measured by SD is presented in Table 2 .
NIHTB-CB Scores
Impaired objective demographically adjusted NIHTB-CB scores were observed in 18 (32%) using the total cognition method, and in 12 (21%) using the intelligence-stratified fluid cognition method. Impaired intelligence-stratified fluid scores were most commonly noted in the domains of processing speed (18 [32%] ) followed by attention (11 [20%] ), episodic memory (7 [12%]), executive function (5 [9%]), and working memory (2 [4%]). The distribution of NIHTB-CB T-scores for predefined intervals by SD is described in Table 2 . The numbers of participants showing impairment on different number of NIHTB-CB tests with various T-score cutoffs by SD are described in the eTable in the Supplement.
Correlation Between PROMIS and NIHTB-CB Scores
Medium to large effect size for correlation was observed between the PROMIS self-reported cognition and the PROMIS domains of anxiety, fatigue, pain interference, and depression. 56 There were no statistical correlations between PROMIS selfreported cognition or other subjective domains and the fully demographically adjusted NIHT-CB fluid, crystallized, or total cognition scores ( Table 3) . Distribution of PROMIS and NIHTB-CB Scores in Normal vs Impaired Objective Cognition Groups
PROMIS
The distribution of self-reported cognition score did not differ significantly when the normal and impaired groups were defined by the objective total cognition scores (mean difference, −1.8; 95% CI, −6.7 to 3.1). Nor was there any difference among the groups for the other 4 domains: anxiety (mean difference, 4.2; 95% CI, −0.34 to 8.8), depression (mean difference, 4.5; 95% CI, −0.2 to 9.2), fatigue (mean difference, −1.2; 95% CI, −7.2 to 4.9), and pain interference (mean difference, 0.9; 95% CI, −4.7 to 6.4). The distribution of all these domains did not differ significantly even when the normal and impaired groups were defined by the intelligence-stratified cognition scores.
NIHTB-CB Statistically significant differences in the mean scores between participants with normal and impaired total cognition scores ( Figure, A) were noted for the domains of attention (mean difference, 6.0; 95% CI, 1.6-10.0), executive function (mean difference, 8.5; 95% CI, 2.6-14.5), and processing speed (mean difference, 17.3; 95% CI, 11.0-23.4). The mean scores were not significantly different for the domains of working (mean difference, 2.1; 95% CI, −3.0 to 7.2) or episodic memory (mean difference, 4.2; 95% CI, −0.9 to 9.3). The same 3 domains of attention, executive function, and processing speed were also significantly different between participants with normal and impaired intelligence-stratified cognition (Figure, B) .
Variables With Higher Frequency of Impaired Cognition Scores
Among all variables, impaired intelligence-stratified fluid cognition scores were more frequent in men ( . Of these 4 variables, the 95% CI for the percentage difference were more precise for hearing loss and moderate to severe comorbidity than sex and p16-negative OPC. This enabled us to conclude with further exploratory analysis that the rate of impaired intelligence-stratified fluid cognition scores was 7% in the absence of moderate to severe comorbidity and hearing loss, 20% to 26% in the presence of either factor, and 40% in the presence of both.
Discussion
On assessment of cognition in a cohort of patients with OPC prior to treatment, self-reported impairment was reported by 11%, whereas objective impairment was observed in 32% using total cognition scores and in 21% using intelligencestratified scores. There was no correlation between selfreported and objective cognitive function. A higher frequency of objective impairment was noted among men, and the groups with p16-negative OPC, moderate to severe comorbidity, and hearing loss. Self-reported cognitive function using PROMIS revealed impairment in 11% of the OPC cohort at baseline. Studies on cognition in HNC have focused mainly on the posttreatment objective function, and little is known about the selfreported function. Self-reported cognitive complaints at baseline were assessed by Bond et al 37 in an HNC cohort of 70 patients (39 OPC), using the Alertness Behavior Subscale, but the frequency of participants with impaired scores was not described. PROMIS was shown as a reasonable measure to determine QOL outcomes in patients with HNC by Stachler et al. 57 However, this study focused on evaluating how PROMIS was associated with other known QOL instruments, and the number of patients with impaired self-reported cognition was not reported. 57 We found PROMIS to have an excellent reliability for measuring self-reported cognition in the OPC cohort as well as the secondary outcomes of anxiety, depression, fatigue, and pain interference.
Objective testing with NIHTB-CB showed mild cognitive impairment in 32% of participants using demographically adjusted total cognition scores. Cognitive impairment prior to treatment initiation is postulated to result from alteration in the psychological status or coping strategies from the new diagnosis of cancer.
5 The NIHTB-CB 51 has not been used yet in populations with HNC, but we found it feasible for administration in the OPC cohort. The assessment could be completed within 30 minutes. Administration time of up to 90 minutes 10 has been described for some of the traditional neuropsychological tests. When demographically adjusted scores were stratified by the pretreatment intelligence, the impairment rate reduced to 21%. The domains that were most commonly impaired in total as well as intelligence-stratified scores were attention, executive function, and processing speed. We also explored the various cutoffs for impairment from 0.5 to 2 SD, and observed that the number of participants and tests with impaired scores decreased as the cutoff was increased (Table 2 ; eTable in the Supplement). This observation suggests that defining impairment based on lower cutoffs or a single domain can falsely increase the rate of impairment. Bond et al 37 observed a higher rate of impaired objective cognition at baseline in 47% of their multisite HNC cohort, using a neurocognitive battery comprising several tests. In contrast with NIHTB-CB, norms for these tests did not uniformly adjust for all the demographic variables of age, sex, race/ethnicity, and education. Moreover, even though a reading test was used to estimate intelligence, the cognitive scores were not stratified by intelligence. 37 Compared with our study, Williams et al 58 also observed a higher rate of impaired objective cognition in 55% of a multisite cohort with HNC (n = 209, n for OPC unknown) using the Montreal Cognitive Assessment (MoCA). Lack of timed measures in MoCA limits its sensitivity to identify the common nonmemory domain impairment in CRCI, such as processing speed. Moreover, levels of education, sex, age, race/ ethnicity, or premorbid intelligence were not taken into account. 58 Premorbid intelligence is a predictor of individual cognitive domains 55, 59 and should be considered for accurate interpretation of the cognitive test performance. 55 Tests of reading and vocabulary (crystallized cognition) have been considered to serve as "proxy" measures for overall intellectual ability because a high correlation between intelligent quotient (IQ) scores and vocabulary has been observed. [60] [61] [62] Without participanting patients to additional IQ tests, NIHTB-CB generates cognition scores stratified by the intellectual ability of each individual using his or her crystallized scores. Thus, NIHTB-CB allowed us to estimate the rate of objective cognitive impairment while adjusting for both, the demographic variables and premorbid intelligence, in a simple and efficient manner.
Self-reported cognitive function correlated with selfreported anxiety, depression, fatigue, and pain interference; however, objective cognition did not correlate with these symptoms. Our findings of medium to large correlation between subjective cognitive complaints and subjective constructs, such as depression, are consistent with those of previous research on CRCI, and so is our finding of the lack of correlation between the objective cognitive function and the subjective constructs.
5,32,37, 63 We also did not find a correlation between the self-reported and objective cognitive functions, an observation similar to findings of previous published studies on CRCI in HNC 37,58 and breast cancer. 5, 63 This lack of correlation may indicate that the 2 tests measure different cognition-related constructs. 37 Furthermore, self-reported cognition can explicitly capture the patient's experiences over a period of time, whereas objective cognitive assessments are a "snapshot" in time.
5 A higher frequency of objective vs self-reported impairment in the study cohort can also suggest that there may be more individuals with subtle limitations in their cognitive reserve at baseline that evade self-cognizance but manifest when challenged by certain tasks. In certain individuals, selfreported perception of cognitive abilities can also be affected by other latent factors, such as denial. For such patients, ob- jective evaluation can assess the cognitive reserve, and when the objective measures suggest cognitive impairment, these patients may benefit from cognitive interventions. In addition, the value of objective testing lies in the fact that it can help identify the core cognitive domains that are impaired. For instance, the domains most frequently responsible for abnormal fluid cognition in our study were processing speed, attention, and executive function. Knowledge about the impaired domains will be useful in initiating specific, domain-targeted interventions even prior to treatment and continued during treatment in anticipation of mitigating the posttreatment decline. Moreover, in patients with self-reported impairment, objective testing can indicate the level of cognitive reserve as a predictor of CRCI outcomes after treatment. For instance, patients with both self-reported and objective impairment can have worse cognitive outcomes compared with the patients with self-reported impairment without objective impairment. We therefore believe that both self-reported and objective measures are needed to accurately understand the extent and nature of cognitive function at baseline. PROMIS and NIHTB-CB are 2 NIH outcome initiatives that promote measurement precision, and further research is needed to refine the use of these measures for optimal assessment of CRCI.
We observed a higher frequency of impairment at baseline in the groups with p16-negative OPC, moderate to severe comorbidity, and PTA-identified hearing loss, although the association was not statistically significant, possibly owing to small sample size. None of these factors have been evaluated in HNC studies on CRCI. Interestingly, impairment of both total and intelligencestratified cognition scores was seen only among men in the study cohort. No definitive conclusions can be made owing to the small number of women (4), but the cohort was representative of the typical patients with HPV-driven OPC seen in current practice, predominantly middle-aged, white men. However, sex differences for cognitive abilities are well recognized. 64 In the future, we plan to follow the study patients after treatment and evaluate whether the factors identified as being associated with impairment at baseline are also associated with a greater magnitude of posttreatment decline. Knowledge about such factors, combined with the cognitive assessment, will facilitate identification of patients who are at higher risk of CRCI during and after treatment to initiate early cognitive rehabilitation interventions. Cognitive remediation measures have been associated with reduced cognitive dysfunction and improved QOL in cancer survivors with posttreatment cognitive impairment. [65] [66] [67] The association of cognition rehabilitation with CRCI was also studied at our institution in breast cancer survivors, and improved behavioral outcomes were noted.
68
Limitations
Our study did not have a control group of patients without HNC matched for age, sex, race/ethnicity, and education, but NIHTB-CB provided scores that were fully adjusted for these variables, thus reducing the relevance of such a control group. Second, we were not able to explore variability of the NIHTB-CB scores by repeating the test under different time or settings or even by comparing the scores with traditional neuropsychological instruments. This would have entailed adding to the patient burden of completing more tests or accruing a larger number of patients. The reliability and validity of NIHTB-CB has been confirmed in several studies, albeit in a population of patients without cancer. 40,54,60,69 Finally, we identified factors which were associated with a higher frequency of baseline impairment but cannot make any definitive conclusions owing to limited sample size. Further exploration of these factors in larger cohorts is needed.
Conclusions
In this study OPC cohort, the use of standardized PROMIS and NIHTB-CB instruments allowed immediate scoring of demographically adjusted self-reported and objective cognitive function. Impairment at baseline was more common for objective cognitive function than for self-reported impairment, and was associated with male sex, p16-negative OPC, moderate to severe comorbidity and hearing loss. Based on our findings, we believe it is important to use both selfreported and objective measures to identify individuals and domains with impaired cognitive function at baseline from the perspectives of cognitive interventions and outcome prediction. Early identification of such individuals and domains will help in timely institution of targeted cognitive interventions for an improved posttreatment QOL.
